An adiabatic calorimetric system suitable for the study of reactions in vacuo and of reactions generating gaseous products is described. The system has been used to measure the heat of hydrolysis of cadmium dimethyl by water and dilute H 2S 0 4, and to measure the heat of reaction of cadmium dimethyl and I 2 in ethereal solution. From these reaction heats, we obtain 66*2 keal. for the sum of the Cd-CH3 bond dissociation energies in CdMea (gas), and 55-05 keal. for the strength of the C-I bond in CH3I, assuming the value 102-0 keal. for the dissociation energy of CHS-H in CH4.
assigned values to the bond dissociation energies of a number of C-I bonds, including the value c. 54 keal.mole-1 for the C-I bond in methyl iodide. The basis for the values given by Butler & Polanyi rested in an interpretation of observed rates of pyrolysis of J?I compounds under controlled conditions of temperature and pressure. Due to certain difficulties in the interpretation of the rates of pyrolysis (Horrex & Szwarc 1948) , the absolute values given by Butler & Polanyi are subject to some uncertainty, although the gradations in C-I bond energies are probably reliable.
We have begun a series of thermochemical investigations with the purpose of obtaining accurate values for the heats of formation of _RI compounds. Given these data, it is possible to obtain UI bond dissociation energies, based on jR-H dissociation energies, some of which are now known within relatively small limits of error. In this paper we describe a measurement of the heat of formation of CH3I, which in conjunction with the accepted value of 102 keal. for the bond dissociation energy D(CHg-H), leads to a value of 55-05kcal. for D(CH3-I).
T h e r m o c h e m ic a l m e t h o d
The heat of formation of CH3I was obtained by measuring the heats of the two reactions:
CdMe2 (liq.) 4-2H20 (liq.) -> Cd(OH)2 (ppt.) + 2CH4 (g)
CdMe2 (liq.) + 2I2 (ether) -> Cdl2 (c) + 2CH3I (ether) + Q2.
The Qx value provides information on the heat of formation of CdMe2; thus 
into which may be substituted $/(C dI2,c)5 = 48-4kcal. (Bichowsky & Rossini 1936) ,
Qf (I2, ether)5 = -1-6 kcal. (Bichowsky & Rossini 1936) ,
E x p e r i m e n t a l (1) Preparation of materials
CdMe2 was prepared by the method of Krause (1917) by reacting anhydrous finely powdered CdBr2 with a solution of MgMel in ether. The CdMe2-ether mixture was separated by distillation in a 9 in. gauze-packed fractionating column, and the fraction boiling at 105 to 105-6° C collected. The clear liquid was finally fractionated in vacuo by bulb to bulb distillation and collected and sealed in thin weighed glass phials. The phials were kept in the dark in a refrigerator until required for experiment.
Pure ethyl ether was prepared from anaesthetic ether by shaking it several times with water and several times with the following solutions: (a) a mixture of saturated potassium bicarbonate solution and saturated mercuriq chloride solution, (6) strongly alkaline permanganate solution, (c) concentrated ferrous sulphate solution, (d) water. The ether obtained in this way was dried over calcium chloride and then over sodium wire, and distilled over sodium wire through a Fenske column. The fraction boiling at the correct temperature was collected and stored over fresh sodium wire in a nitrogen-filled container. Prior to experimental use, ether samples were fractionally distilled in vacuo.
The methyl iodide was purified by shaking it several times with (a) concentrated sulphuric acid, (6) water, (c) sodium bicarbonate solution, (d) sodium thiosulphate solution, (e) water. I t was then dried over calcium chloride and carefully distilled through a 46-plate column packed with small gauze cylinders.
The iodine used was the Hopkins and Williams analytical reagent.
The bond dissociation energies of Cd-CH3 in Cd(CH3)2 501
(2) The reaction vessel
The reactions were carried out in a brass reaction vessel, which was first silver plated and then heavily plated on the inside with rhodium metal. The internal fitments were also heavily rhodium plated (figure 1). The vessel consisted of a cylindrical container (capacity c. 400 ml.) with a detachable top. Both the container and the top were flanged and fitted with a spigot joint, in the groove of which was place a thiokol ring (thiokol was used in preference to rubber since it is-more resistant to swelling in the presence of ether vapour). When the top was bolted in position the vessel was pressure-tight and capable of holding a high vacuum. The vessel was sealed in this way to prevent any loss of the gas produced during the reaction, and since it was essential to know both the quantity and nature of the gas formed, the vessel was evacuated before carrying out an experiment. Inside the reaction vessel were two holders for the glass phials containing the reactants, a stirrer, an electric heater for calibration purposes, and an exit pipe to a high-vacuum needle valve. The phial-holders were attached to two rods which passed out through the top of the vessel and .were fastened to two pieces of flexible metal bellows tubing, which, in turn, were soldered to the top of the reaction vessel: This arrangement gave an up-and-down mobility to the phial-holders without inter fering in any way with the vacuum. A third bellows was used in a similar way to operate the internal stirrer, the bellows movement being transm itted through a gear system to the stirrer plate. The gear ratio of 6:1 ensured an ample vertical motion of the stirrer plate without putting an undue strain on the bellows. This method of stirring in vacuo was preferred tb other methods, partly because of its positive direct action, but mainly in view of its freedom from spurious heat effects. The internal heater (12-6 ohms) consisted of several turns of Brightray wire wound on a thin former inside a rhodium-plated casing. The leads to the heater also passed out through the top of the vessel. The vacuum needle valve (provided by Messrs Edwards and Co.) was of a similar type to th a t described by Melville & Farkas (1939) .
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Heats of reaction were measured by recording the temperature rise of water contained in a Dewar vessel (2 1. capacity) in which the reaction vessel was completely submerged. The reaction vessel was suspended in a fixed position by three stout bakelite rods connecting to the lid of the Dewar vessel (figure 2). The mild-steel lid fitted closely over the neck of the Dewar vessel, and was sealed to it through a mercury-well seal. Chimneys let into the lid allowed for the entrance of a Beckmann thermometer, a differential thermocouple, the various stirring rods, ai d the rods operating the phial-holders. These connecting rods were made from bakelite so that heat losses through them should be as small as possible. The whole Dewar vessel assembly, in turn, was enclosed and submerged in a copper bath (14 x 18 x 13 in.) filled with a light petroleum oil (Puremor 212, supplied by the Manchester Oil Refinery Ltd.). The copper bath was wrapped in a thick felt blanket, and permanently fitted into the lower half of an insulating cabinet, constructed from the body of an Electrolux refrigerator.
Two rotary stirrers for the oil-bath were let into the cabinet through the top, through which also passed the moving connecting rods for the up-and-down bellows stirrer and the Dewar vessel stirrer. Electrical heating for the oil-bath was supplied from bare nichrome heaters, fitted into the bottom of the bath, and insulated from it by an ebonite framework. The upper door of the cabinet was fitted with a Perspex window.
The temperature of the oil-bath was automatically controlled to follow the temperature inside the Dewar vessel. A 20-point copper-constantin thermocouple, one arm of which rested inside the Dewar liquid, the other in the oil-bath, recorded temperature differences by causing a swing in the position of a light spot reflected from the mirror of a sensitive Moll galvanometer. The light spot was adjusted in position to fall clear of a photocell when the Dewar vessel and oil-bath temperatures were equal. However, a temperature difference of y S° C caused the light to fall on to the photocell, and the resultant current was passed to the grid of a thyratron valve. This caused a sufficiently large current to flow in a secondary circuit to operate the mercury trip-switch which controlled the oil-bath heater circuit. The relay system, with small modifications, was similar to th at described by Grace (1938) . The voltage supply to the bath heaters was taken via a Variac transformer; in this way it was possible so to adjust the heater current during a run th at the spot of light from the galvanometer scarcely moved from its zero position.
The experimental procedure, in general, was as follows: (a) The reaction vessel was charged with reactants, one of w'hich, at least, was contained in a sealed glass phial held in the phial-holder well clear of the stirrer plate. The reaction vessel was evacuated from the valve until all the air had been removed, and the valve was then closed.
(b) The reaction vessel was fitted into the Dewar vessel and surrounded by a measured volume of water. The Dewar vessel was adjusted in its fixed position in the oil-bath, and the various stirrers set in motion. The oil-bath temperature was brought approximately to the same temperature as the calorimeter liquid, and the automatic temperature control was then switched on.
(c) The Dewar assembly was allowed to rest in the bath for 20 to 30min., by which time it normally reached a stable unvarying temperature. An electric-light bulb, fitted inside the cabinet, was switched on during this period to bring the air temperature inside the cabinet to within |-° C of the bath temperature. The Dewar stirrer rate (c. 40 strokes/min.) was so chosen th at the small stirring heat com pensated for the very small thermal leakages so th at the temperature of the system remained constant for periods of 60 min. or more.
(d) After reading the starting temperature on the Beckmann thermometer through a magnifying eyepiece, the upper door of the cabinet was quickly opened, and the push-rod connecting to the bellows of the phial-holder depressed sufficiently to break the glass phial inside the reaction vessel and thus start the reaction. The cabinet door was reshut and the temperature rise on the Beckmann thermometer observed through the Perspex window. The current to the bath-heaters was suitably controlled throughout the run by adjusting the voltage supplied from the Variac transformer so that the light spot moved not more than 1 to 2 cm. distance to the left or right of the photocell centre. When the temperature reached a steady final figure, the cabinet door was opened and the final temperature carefully read through a magnifying eyepiece.
(e) The calorimeter was removed from the oil-bath. Gaseous products in the reaction vessel were removed for analysis, via the valve. Solid products remaining inside the reaction vessel were subsequently collected and analyzed.
The calorimeter was calibrated electrically, using the method described by Mclnnes & Braham (1917) .
(4) The heat of hydrolysis of CdMe2
Phials of CdMe2 containing from 1 to 3 g. of CdMe2 were used, and broken into 75 ml. distilled water inside the reaction vessel. The reactions were normally com pleted within 30 min. A typical time-temperature curve is shown in figure 3 . After removal of the reaction vessel from the oil-bath, the valve was connected by a flexible cone-jointed connexion piece to a series of evacuated traps, immersed in liquid air. The valve was opened, and the volatile contents of the reaction vessel allowed to distil over and collect in the traps. The final trap led to a Toepler pump, which in turn fed a graduated gas burette. Periodically, samples of gas were drawn off from the traps into the Toepler reservoir, and pumped into the gas burette. The pumping of gas from the traps was continued until no further gas could be extracted by the Toepler. The total gas volume was measured in the gas burette, and small samples from the total were subsequently extracted and gas analyzed in a BuckleySinnatt apparatus.
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The products remaining in the reaction vessel were washed out as completely as possible with water and normal sulphuric acid. The washings were collected and made up to some known final volume with distilled water. Aliquot samples from this stock solution were then taken and analyzed for cadmium and acid content.
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We have found th at the reaction CdMe2 + 2H20 = Cd(OH)2 + 2CH4 (7) proceeds substantially as written. Analysis of the gaseous products has shown CH4 to be the sole product, and we have been unable to detect measurable amounts of other gases, such as C2H 6, C2H4 or H 2. In general, we have found there to be a close agreement between the volume of CH4 collected, and the volume theoretically expected from equation (7), suggesting th at the purity of our samples of CdMe2 was of the order 99 to 100 %. These purity tests have been checked by analysis of the solid products for cadmium, for which we have normally obtained values in the range 98 to 100 %; the cadmium analysis set a lower limit to the purity, in so far as complete collection without losses of the solid residues from the reaction vessel was not easily achieved.
The results of seven experimental determinations of the hydrolysis heat are set out in table 1. In column 3 the observed temperature rises as measured on the Beckmann thermometer are given. Column 4 gives the water equivalent as measured electrically (the figures quoted are accurate to within %). Column 5 gives the v results of the gas and solid analyses (in experiments 5 and 6 the gas figures are lower limits, as some gas was accidentally lost during collection). Column 6 quotes the -Aj Ev alues in kcal.mole-1. In our experiments, carried out in vacuo a t constant volume, the observed temperature rise corresponds to -A not -A values; the -A Hv alues are given in column 7. The experimental error quoted (0*08 kcal.) is the standard error of the mean calculated in the usual way, and assumes th a t the errors inherent in the method are random ones. This is probably true in the case of the thermal errors and the errors in the purity corrections. However, an un certainty which had to be borne in mind was whether or not the hydrolyses had reached completion by the time th at the final temperature readings were taken, since the heavy Cd(OH)2 precipitate may have occluded small pockets of unreacted CdMe2. Also, we could be wrong in assuming th at the Cd(OH)2 as produced in our experiments was of the same heat content as th at of the Cd(OH)2 samples examined by Becker & Roth (1933) . In this respect reference may be made to the work of Fricke & Meyring (1937) , who have demonstrated th at the heat contents of certain metal hydroxides (notably Zn and Mg hydroxides) vary over a range of 2 to 3 kcal. according to the method of preparation, and the age of the samples. Fricke & Blaschke (1940) report th at two samples of CdO, produced from Cd(OH)2 by heat drying, differed in heat content by c. 0-6 kcal.mole"1, but information on Cd(OH)2 itself appears to be lacking.
Both of these difficulties were removed by measuring the heat of the reaction:
CdMe4 + H 2S 04 (aq.) = CdS04 (aq.) + 2CH4.
This reaction is more suitable for thermochemical study than the aqueous hydrolysis, for the product CdS04(aq.) is well defined in its heat content, and the aqueous solution cannot occlude small pockets of unreacted CdMe2 as may occur in the aqueous hydrolysis. ± v-ua * In reactions 3 and 4 the heat of mixing correction was small, the excess acid used in these experiments being only 10 to 20% ; in reaction 6, the excess acid was larger than usual.
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The reaction of CdMe2 with aqueous sulphuric acid is more speedy than the aqueous hydrolysis, and the end-point is sharp and clearly defined. In most experi ments the conversion to aq. CdS04 was complete, but in one or two isolated cases the vigour of the reaction caused a scatter of undissolved Cd(OH)2 on the walls of the reaction vessel. To avoid scatter of undissolved Cd(OH)2, we have normally dissolved the CdMe2 in a two-fold excess of acid.
The equation for the reaction CdMe2(liq.) + 2H2S 04(100) = CdS04(100) + H 2S 0 4(100) + 2CH4(gr) + (9) corresponds to a heat of reaction, Q3, given by
where M is the heat of mixing of CdS04 (100) and H 2S 04 (100).
Substituting the following Qf values into (10),
Qf (H2S 0 4, 100) = 211-3kcal., ^(CdSC^, 100) = 232-55kcal.,
we obtain Q/(CdMe2,liq.) = 57-03 + i f -# 3kcal.
We have made a rough measurement of the heat of mixing, M , in a simple Dewar vessel calorimeter, obtaining M = -0-75 kcal.mole-1. Equation (11) therefore becomes gy(CdMe2,Uq.) = 56-3
The results of nine experiments are set out in table 2. The final result, #/(CdMe2,liq.) = -16-3 ± 0*05kcal.mole_1, is slightly less than the heat of formation measured by the aqueous hydrolysis, and is to be considered a more accurate estimation for reasons th at have already been given.
(5) The heat of iodination of CdMe2
Preliminary experiments showed th at CdMe2, introduced into a solution of excess I 2 in ether, reacts rapidly and predominantly according to the equation CdMe2 + 2I2 (ether) = CdI2(ppt.) + 2MeI.
A small amount of the side reaction CdMe2 + 12 (ether) = Cdl2 (ppt.) + C2H 6 (14) occurs, the extent of which depends on the stirring rate, and the concentrations of the reactants. By breaking a phial containing about. 2g. of CdMe2 into 100 ml. of ether containing 8 to 10 g. of iodine, with constant stirring, we have usually observed not more than 2 to 3% of the side-reaction. We have reason to believe th a t the sidereaction occurs to a larger extent if there is no stirring, bufr since we were mainly concerned with conditions which allowed reaction (13) to proceed cleanly, we have not made a study of conditions favourable to side-reactions. The reaction with iodine is a very rapid one, and is virtually complete in a few minutes, as may be seen from a typical time-temperature curve reproduced in The heat of vaporization of CdMe2 has been measured by Bamford, Levi & Newitt (1946) at 8*5 kcal., which combined with our value for the heat of formation of liquid CdMe2 yields Q/ (CdMe2,gr) = -24-8kcal.mole_1.
For the heat of formation of gaseous CdMe2 from normal atoms we obtain
where L is the heat of sublimation of carbon.
Representing the bond dissociation energies of the processes
by D 1 and D2, it follows th a t
where Qa (Me) is the heat of formation of the CH3 radical from normal atoms. The value of Qa (Me) may be obtained from a knowledge of the heat of formation of CH4, and the heat of the reaction CH4 -> CH3 + H. The relevant equation is
Qa (CH4) may be expressed in terms of the unknown quantity L as Qa (CH4) = and is obtained from the accurately known Qf(CH4). The value D (CH3-H) is less accurately known, but recent investigations by Kistiakowsky & v. Artsdalen (1944) , Stevenson (1942) , Baughan & Polanyi (1940) and P a ta t (1936) indicate th a t the value
is very probably correctly assessed. Assuming this value, equations (18) and (19) may be combined to give
Substituting this value into equation (17), we obtain ( D1 + D2) = 66-2 kcal.
I t is to be noted th at the value (D1 + D2) is independent of the value of L. The mean bond dissociation energy of the Cd-C bond is accordingly 33-1 kcal. I t cannot be assumed, however, th a t D 1 = D 2 = 33 k influencing the relative values of D1 and D2 and leading to possible differences between them is given by one of us elsewhere (Skinner 1948 ).
(6) The CH3-I bond strength Combining our value for the heat of formation of liquid CH3I with the known heat of vaporization (6-6 kcal.), we obtain Qf (NLeI,g) = -2-8 kcal., corresponding to Qa (MeI) = L + 178-9 kcal.
The bond dissociation energy D (CH3-I), given by Qa (Mel) -Qa (Me), is thus esti mated at 55-05kcal. This figure agrees closely with the estimated 54 to 55 kcal. given by Butler & Polanyi (1943) . Other thermochemical estimations of Qf (Mel) have been made by Thomsen (1886) , and recently by Ubbelohde & Mackle (1947) . From measurements of the heat of combustion of CH3I, Thomsen's data yield (Mel, 0) = -4*1 kcal. and D(CH3-I) = 53*7 kcal. I t was assumed by Thomsen that the products of combustion were C02, H 20 and 12. The relatively close agreement between our value and Thomsen's heat of formation obtained some 50 years ago, suggests that a re-examination of the combustion heats of the ajkyl iodides, using modern precision methods, may prove a profitable field of study.
A full report of the investigation by Ubbelohde & Mackle has not yet been published, but in their preliminary note the authors quote measurements for the heats of reactions: and to D (CH3-I) = 54-2 + 2-5kcal.
The agreement between our value and that of Ubbelohde & Mackle is satisfactory in view of the difficulties inherent in the reactions studied. The small limits of error which we quote for (Mel) represent the experimental error in our determinations. The absolute error, however, may be larger than given, in th at we have assumed the values for Qf (Cdl2, ppt.) in ether; furthermore, corrections for the heat of mixing of CH4 (gas) + H 20 (vapour) and other small solution effects have not been taken into account.
I t is our purpose to extend the studies described here to higher members of the metal alkyls in the hope that the parallel reactions, for example, with CdEt2, can be suitably controlled. In this event it may be th at the reaction scheme outlined here will prove to be a useful method of deriving jR-I bond energies in general.
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